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0 A process of linearizing non-linear analog-to-dlgital conversion the process and circuit for 
performing. 



© A circuit for linearizing analog-to-digital output is 
shown in Figure 2, with an analog signal V ( transmit- 
ted by input circuit 10 is applied to an input port of 
an analog-to-digital converter 12 controlled by a 
sampling signal V s , to provide digital data V d on an 
"N" bit data bus 14. An analog-to-digital linearizing 
memory 16 storing a look-up table of digital values, 
is coupled to bus 14 to receive the digital data V d , 
and to respond to the digital data V d by providing 
true linear digital values from the look-up table to 
digital data processing system DSP 20 via an "N" 
bit data bus 18. A microprocessor 22 is temporarily 



coupled between the output port of converter 12 and 
the input port of memory 16 via bus 14, to serve as 
a switch between bus 14 and a programming mem- 
ory 24 containing a table of true linear digital values 
V t . A known test signal is applied to input circuit 10, 
and true linear digital values V t stored in program- 
ming memory 24, are then read into linearizing 
memory 16 to provide an accurate and reliable rela- 
tion to a characteristic such as the amplitude of each 
step of the known test signal over the entire range of 
the known test signal. 
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Field of the Invention 

The current invention relates to processing of 
digital signals and, more particularly, to processes 
and circuits for converting analog signals into digi- 
tal representations of those analog signals. 

Background 

Digital signal processing (DSP) systems usu- 
ally have an A/D converter as an input link from the 
analog domain. An analog-to-digital (i.e., an "A/D") 
converter is always assumed to provide a digital 
signal based on the input level. For a given peak- 
to-peak input of V ppi an A/D converter generates a 
given number of codes at its output port. Con- 
sequently, the input-to-output linearity of an A/D 
converter is very important. 

Currently available high priced A/D converters 
have one or more linearity controls. These controls 
allow the user to adjust the output for a given input 
(e.g., either 50%, or 25% and 75%) level to obtain 
a linear output. Frequently however, there is some 
non-linearity in the intermediate input levels. 

For commercial grades of consumer appli- 
ances using mass production quality analog-to-digi- 
tal converters such as video signal products, it is 
imperative that the degree of non-linearity of the 
analog-to-digital converter be kept under control. 
For example, in deghoster circuits, the ghost pa- 
rameters may be computed from a transition in a 
given region; by way of illustration, a vertical syn- 
chronization signal (-40 to 0 IRE) or 0 - 70 IRE 
broadcast television (i.e., a BTA) signal. Then, the 
entire -40 to « 120 IRE video signal is "deghosted" 
based on these parameters. Thus, for reliable de- 
ghosting performance, the "assumed" linearity of 
the signal is extremely important. 

Earlier efforts by others to obtain particular 
output characteristics from analog-to-digital con- 
verters have tended toward two different ap- 
proaches. One approach used an expensive, high- 
quality analog-to-digital converter designed to in- 
clude adjustable gain and phase stages. Prior to 
use, each of the adjustable stages would necessar- 
ily be "tuned" to give optimal output characteris- 
tics. Cost of the converter, and the time consumed 
in making the adjustments, are two problems atten- 
dant to the first approach. Consequently, the use of 
such converters is limited to customized, expensive 
applications. 

The second approach, as represented by 
Kimura, U.S. Patent No. 4,764,751 , applies the out- 
put signal "z" from a non-linear analog-to-digital 
conversion circuit to a look-up table memory con- 
taining straight line conversion data, in an effort to 
obtain compensated digital values n z"* stored the 
look-up table, and to thereby provide a conversion 



exhibiting a particular non-linear (e.g., logarithmic) 
characteristic. Several stages are coupled to the 
input port of the non-linear analog-to-digital conver- 
sion circuit to adjust offset and gain of the analog 

5 signals being applied to the conversion circuit. This 
approach however, requires measurement of con- 
version characteristic data of the non-linear analog- 
to-digital converter, calibration of the conversion 
characteristic data curve at an origin and at the 

70 maximum output value (e.g.. 2 N -1) as part of a 
normalization and curve-fitting step, and calculation 
of compensated digital values corresponding to the 
level of the input signal in terms of reference data 
and the conversion characteristic data. Conse- 

75 quently, because this approach necessarily de- 
mands reliance upon offset and gain adjustment 
stages, the use of specialized digital-to-analog con- 
verters, and measurement of the conversion char- 
acteristic data of the converters, it is unsuitable for 

20 use with mass production quality analog-to-digital 
converters. Moreover, this approach neither recog- 
nizes, nor addresses the problem of improving the 
linearity of conversion by linear digital-to-analog 
converters at values intermediate to the two ex- 

25 tremes of the range of conversion. 

Summary of the Invention 

Accordingly, it is one object of the currently 
30 disclosed invention to provide an improved process 
and circuit for performing digital to analog conver- 
sion. 

It is another object to provide a process and 
circuit exhibiting an enhanced degree of linearity in 

35 conversion of analog signals to digital signals. 

It is still another object to provide a process 
and circuit suitable for inexpensively correcting de- 
viations in the linearity of mass produced analog- 
to-digital converters. 

40 It is yet another object to provide a process 
and circuit characterized by an enhanced input to 
output linearity of digital to analog conversion in- 
dependently of offset, gain and phase adjustments. 
These and other objects are achieved with a 

45 process and circuit using a memory storing linear- 
izing data values interposed between an analog-to- 
digital converter and a digital signal processing 
system. A known analog test signal such as a ten 
step IRE staircase, is incrementally applied to an 

so input port of the digital-to-analog converter while a 
programming stage applies digital values for the 
known analog signal amplitudes to the memory at 
each of the steps to assure coincidence between 
the provisional digital signal generated by the 

55 analog-to-digital converter and the corresponding 
addresses of the linear digital values stored within 
the memory. Once corresponding addresses for 
the linear digital values are stored within the mem- 
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ory, the programming stage is removed and the 
serially coupled analog-to-digital converter and 
memory will reliably provide a greater degree of 
linearity between the analog signals applied to the 
converter and the digital values emanating from the 
memory. 

Brief Description of the Drawings 

A more complete appreciation of the inven- 
tions, and many of the attendant advantages there- 
of, will be readily enjoyed as the same becomes 
better understood by reference to the following 
detailed description when considered in conjunc- 
tion with the accompanying drawings in which like 
numbers indicate the same or similar components, 
wherein: 

Figure 1 is a schematic block diagram of a 
conventional application of an analog-to-digital 
converter. 

Figure 2 is a schematic block diagram of an 
analog-to-digital converter circuit constructed ac- 
cording to the principles of the currently dis- 
closed invention. 

Figure 3 is a graphical representation of a ten 
step IRE staircase signal. 
Figure 4 is a two coordinate graphical illustration 
of deviations in the degree of linearity occurring 
in a representative commercially available 
analog-to-digital converter. 
Figure 5 is a two coordinate graphical illustration 
of one implementation of a process for perform- 
ing analog-to-digital conversion according to the 
principles of the currently disclosed invention. 
Figure 6 is a two coordinate graphical illustration 
of actual and theoretical responses obtained 
with one embodiments constructed according to 
the principles of the currently disclosed inven- 
tion. 

Figures 7A, 7B and 7C are two coordinate 
graphical illustrations providing expanded pre- 
sentation of the detail of adjoining sections of 
the values illustrated in the graphical representa- 
tion of Figure 6. 

Detailed Description of the invention 

Referring now to Figure 1 , a schematic illustra- 
tion of a representative conventional digital signal 
processing system is shown. Such systems usually 
have an analog-to-digital converter as an input link 
from the analog domain. In the system of Figure 1 , 
an analog signal is applied to an input port of an 
input circuit 10 which includes a gain adjustment 
stage, a direct current offset adjustment stage, and 
a clamp. The analog clock V c transmitted by input 
circuit 10 is applied to an input port of an analog- 
to-digital converter 12 controlled by a sampling 



clock V c , to provide digital data V d on an "N" bit 
data bus 14 to a digital data processing system 
DSP 20. Referring now to Figure 4, a comparison 
of the uncorrected digital data V d generated by 

5 converter 12 against the straight-line labelled "true 
linear A/D converter output, shows that the digital 
data V d deviates almost continuously over the 
range of conversion of converter 12, from a desired 
true linear relation between the A/D input analog 

io signal V| applied to the input port of converter 12 
and the digital data V d generated by converter 12. 

A very simple circuit for linearizing analog-to- 
digital output according to the principles of the 
current inventions, is illustrated in Figure 2. As was 

75 shown in Figure 1 , the analog signal V| transmitted 
by input circuit 10 is applied to an input port of an 
analog-to-digital converter 12 controlled by a sam- 
pling clock signal V c , to provide digital data V d on 
an "N" bit data bus 14. 

20 An analog-to-digital linearizing memory 16, 
such as, for example, a programmable read-only- 
memory (i.e., a "PROM") storing a look-up table of 
digital values, is coupled to bus 14 to receive the 
digital data V d , and to respond to the digital data V d 

25 by providing true linear digital values from the look- 
up table to digital data processing system DSP 20 
via an "N" bit data bus 18. 

A microprocessor 22 may be temporarily coup- 
led between the output port of converter 1 2 and the 

30 input port of memory 16 via bus 14, to serve as a 
switch between bus 14 and a programming mem- 
ory 24 containing a table of true linear digital 
values V t . 

A known test signal such as a ten step IRE 

35 staircase signal, as shown in Figure 3, may be 
used as the analog input signal applied to input 
circuit 10. In such an instance, the true linear digital 
values V, stored in programming memory 24 pro- 
vide an accurate and reliable relation to a char- 

40 acteristic such as the amplitude of each step of the 
known test signal over the entire range of the 
known test signal. An IRE zone shown along the 
abscissa of the graph in Figure 3, is defined as an 
output range between the levels captured from the 

45 test signal. A, and B are analog-to-digital output 
values defining the Kth zone for input level or 
interval V* to V k+1 . Ar, an Br are corresponding 
correct (true linear) values for that zone. Then, a 
corrected value Y T for the digital value Y of the 

so non-linear A/D may be computed as: 

Y T = A T + [{Br - A T )] * [(y-A)+(B-A)] (1) 

= [A T - [(Br - A T )- (B-A)] * A] + [(Br - A T )+ (B-A)] * 
55 y (2) 

= C k + D k • y (3) 
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where C k and D k are the parameters computed for 
the K t h zone from its measured values of A and B 
for a given A/D device with corresponding theoreti- 
cal analog-to-digitaf output values of A T and Bj. 

The analog-to-digital output that results from a 
known test signal such as a ten step IRE staircase 
signal, is gated to microprocessor 22, for example, 
for a nine bit analog-to-digital converter 12, after 
basic gain and direct current offset are adjusted 
within input circuit 10 for a 0 to +1 V pp signal 
input. The analog-to-digital output digital value will 
therefore range by 2 N , with N = 9, from -256 to 
+ 255 in offset two's complement. Microprocessor 
22 obtains true digital values V, from the look-up 
table stored within programming memory 24, for 
the known IRE levels. Correct digital values for 
each of these levels of amplitude of the IRE stair- 
case test signal are known for the designated 
analog-to-digital device, and are stored within a 
look-up table within programming memory 24. In 
response to application of each of the levels of the 
IRE staircase test signal to input circuit 10, micro- 
processor 22 reads the corresponding true digital 
value V, from programming memory 24 and stores 
that true digital value within the look-up table of 
linearizing memory 16, the corresponding true digi- 
tal value, with the address of each of the true 
digital values stored within linearizing memory 16 
being the corresponding uncorrected digital data V d 
generated by converter 12. A microprocessor 22 is 
programmed to determine values between steps of 
an input signal analytically, as shown in Figure 5 
for the step of V k to V k + t . After all of the true 
digital values over the range of converter 12 are 
stored within the look-up table of linearizing mem- 
ory 16 at address corresponding to the values of 
digital data V d generated by converter 12 in re- 
sponse to input of each of the levels of the known 
test signal, microprocessor 22 and programming 
memory 24 are removed and a linear analog-to- 
digital converter including input circuit 10, con- 
verter 12 and linearizing memory 16 are able to 
accurately generate digital values V 0 exhibiting a 
true linear relation with a characteristic, such as 
amplitude, of an input analog signal V|, over the 
entire range of converter 12. Thus, the input-to- 
output non-linearity intrinsic to a mass production 
quality analog-to-digital converter 12 can be reli- 
ably and inexpensively eliminated, or greatly re- 
duced, simply by generating appropriate mapping 
via a read only memory (i.e., a "ROM") 16. 

The plots illustrated in Figures 6, 7A, 7B and 
70 were made for a TRW nine bit analog-to-digital 
converter evaluation board, Model No. TDC 1020 
E1C. Figure 6 provides a two coordinate graphical 
illustration of actual and theoretical responses ob- 
tained with one embodiments constructed accord- 
ing to the foregoing principles currently disclosed, 



while figures 7A, 7B and 7C shown enlarged two 
coordinate graphical illustrations providing expand- 
ed presentation of the detail of adjoining sections 
of the values illustrated in the graphical representa- 

5 tion of Figure 6. The plots of Figures 6, 7A, 7B and 
7C show analog-to-digital output V 0 (as dashed 
lines) and corrected values (as solid lines) using 
above described concept. The expanded views 
clearly depict that the nonlinearity can be prac- 

w tically eliminated over the entire digitizing range. 

Claims 

1. An analog-to-digital converter, comprising: 

15 means for converting amplitudes of a plu- 

rality of corresponding successive intervals of 
an analog signal into first digital values repre- 
sentative of said successive intervals of said 
analog signal; and 

20 means for storing a plurality of second 

digital values at different corresponding ones 
of a plurality of distinct addresses, said plural- 
ity of distinct addresses corresponding to spe- 
cific ones of said plurality of first digital values, 

25 said plurality of second digital values extend- 

ing over a range and exhibiting a linear relation 
over said range to said amplitudes of said 
analog signal, and for responding to reception 
of said first digital values by addressing said 

30 linear values stored at corresponding ones of 

said plurality of distinct address. 

2. The converter of claim 1 , further comprised of: 

means for providing said plurality of sec- 

35 ond digital values; and 

means connectable between said convert- 
ing means and said storing means, for re- 
sponding to application of a test signal exhibit- 
ing known values of said amplitudes to said 

40 converting means as said analog signal, by 
reading said plurality of second digital values 
into said storage means at addresses corre- 
sponding to said first digital values. 

45 3. An analog-to-digital converter, comprising: 

means for converting a characteristic of a 
plurality of successive intervals of an analog 
signal into first digital values representative of 
said successive intervals of said analog signal; 

so and 

means coupled to said converting means 
to receive said first digital values, for storing a 
plurality of second digital values at different 
corresponding ones of a plurality of distinct 
55 addresses, said plurality of second digital val- 

ues extending over a range and exhibiting a 
linear relation over said range to said char- 
acteristic of said analog signal, and for re- 
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spending to reception of said first digital values 
by providing said linear values stored at cor- 
responding ones of said plurality of distinct 
address. 

4. The converter of claim 3, further comprised of: 
means for providing said plurality of sec- 
ond digital values; and 

means connectable between said convert- 
ing means and said storing means, for re- 
sponding to application of a test signal exhibit- 
ing known values of said characteristic to said 
converting means as said analog signal, by 
reading said plurality of second digital values 
into said storage means at addresses corre- 
sponding to said first digital values. 



w 



15 



as said characteristic, by converting said am- 
plitude into said first digital values. 

10. The process of claim 8, further comprised of 
said converting means operating upon ampli- 
tude of said analog signal as said characteris- 
tic, by converting said amplitude into said first 
digital values. 



5. The converter of claim 3, further comprised of 
said converting means operating upon ampli- 
tude of said analog signal as said characters- 20 
tic, by converting said amplitude into said first 
digital values. 



6. The converter of claim 4, further comprised of 
said converting means operating upon ampli- 25 
tude of said analog signal as said characteris- 
tic, by converting said amplitude into said first 
digital values. 



7. A process for converting analog signals into 30 
digital signals, comprising: 

converting a characteristic of a plurality of 
successive intervals of analog signal into first 
digital values representative of said successive 
intervals of said analog signal; and 35 

storing a plurality of second digital values 
at different corresponding ones of a plurality of 
distinct addresses, said plurality of second 
digital values extending over a range and ex- 
hibiting a linear relation over said range of said ao . 
characteristics of said analog signal; and 

responding to reception of said first digital 
values by providing as output digital signals, 
said linear values stored at corresponding ones 
of said plurality of distinct address. 45 



8. The process of claim 7, further comprised of: 

providing said plurality of second digital 
values; and 

responding to application of a test signal so 
exhibiting known values of said characteristic 
to said converting means as said analog sig- 
nal, by reading said plurality of second digital 
values into said storage means at addresses 
corresponding to said first digital values. 55 

9. The process of claim 7, further comprised of 
operating upon amplitude of said analog signal 
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© A circuit for linearizing analog-to-digital output is 
shown in Figure 2, with an analog signal V f transmit- 
ted by input circuit 10 is applied to an input port of 
an analog-to-digital converter 12 controlled by a 
sampling signal V st to provide digital data V d on an 
°N" bit data bus 14. An analog-to-digital linearizing 
memory 16 storing a look-up table of digital values, 
is coupled to bus 14 to receive the digital data V d , 
and to respond to the digital data V d by providing 
true linear digital values from the iook-up table to 
digital data processing system DSP 20 via an "N" 
bit data bus 18. A microprocessor 22 is temporarily 
coupled between the output port of converter 12 and 
the input port of memory 16 via bus 14, to serve as 
a switch between bus 14 and a programming mem- 
ory 24 containing a table of true linear digital values 
V t . A known test signal is applied to input circuit 10, 
and true linear digital values V t stored in program- 
ming memory 24, are then read into linearizing 
memory 16 to provide an accurate and reliable rela- 
tion to a characteristic such as the amplitude of each 
step of the known test signal over the entire range of 
the known test signal. 
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Description 

Field of the Invention 

s [0001] The current invention relates to processing of digital signals and, more particularly, to processes and circuits 
for converting analog signals into digital representations of those analog signals. 

Background 

10 [0002] Digital signal processing (DSP) systems usually have an A/D converter as an input link from the analog do- 
main. An analog-to-digital (i.e., an "A/D") converter is always assumed to provide a digital signal based on the input 
level. For a given peak-to-peak input of V pp) an A/D converter generates a given number of codes at its output port. 
Consequently, the input-to-output linearity of an A/D converter is very important. 

[0003] Currently available high priced A/D converters have one or more linearity controls. These controls allow the 
is user to adjust the output for a given input (e.g., either 50%, or 25% and 75%) level to obtain a linear output. Frequently 
however, there is some non-linearity in the intermediate input levels. 

[0004] From US-A-4 986 243 an internal combustion engine control system is known, in which an electronic circuit 
accepts a non-linear analogue signal from a mass air flow sensor and - digital converter. The digital signal is then 
processed by a two-dimensional look-up table, which includes corrections for the sensor non-linearity and additional 
20 corrections for non-linearity of the analogue-to-digita! converter. This linearised signal is then used for the control of 
the engine. 

[0005] From IEEE Transactions on Circuits and Systems, volume 37, number 6, June 1 990, pages 729-737, a signal 
processing technique called threshold tracking is known, by which the linearity of any analogue to digital conversion 
circuit may be improved. 

25 [0006] The basic principle of this technique is to use a mapping of original output codes of an analogue-to-digital 
converter and their associated non-ideal quantisation levels to a set of codes with corresponding quantisation levels 
that match more closely those of an ideal analogue to digital converter. Thereby, the error between the actual and ideal 
quantisation levels is reduced. 

[0007] For commercial grades of consumer appliances using mass production quality analog-to-digital converters 

30 such as video signal products, it is imperative that the degree of non-linearity of the analog-to-digital converter be kept 
under control. For example, in deghoster circuits, the ghost parameters may be computed from a transition in a given 
region; by way of illustration, a vertical synchronization signal, -40 to O IRE or 0 70 IRE broadcast television (i.e., 
a BTA) signal. Then, the entire -40 to = 120 IRE video signal is "deghosted" based on these parameters. Thus, for 
reliable deghosting performance, the ■assumed" linearity of the signal is extremely important. 

35 [0008] Earlier efforts by others to obtain particular output characteristics from analog-to-digital converters have tend- 
ed toward two different approaches. One approach used an expensive, high-quality analog-to-digital converter de- 
signed to include adjustable gain and phase stages. Prior to use, each of the adjustable stages would necessarily be 
"tuned" to give optimal output characteristics. Cost of the converter, and the time consumed in making the adjustments, 
are two problems attendant to the first approach. Consequently, the use of such converters is limited to customized, 

40 expensive applications. 

[0009] The second approach, as represented by Kimura, U.S. Patent No. 4,764,751, applies the output signal "z" 
from a non-linear analog-to-digital conversion circuit to a look-up table memory containing straight line conversion 
data, in an effort to obtain compensated digital values "z ,D stored the look-up table, and to thereby provide a conversion 
exhibiting a particular non-linear (e.g., logarithmic) characteristic. Several stages are coupled to the input port of the 

45 non -linear analog-to-digital conversion circuit to adjust offset and gain of the analog signals being applied to the con- 
version circuit. This approach however, requires measurement of conversion characteristic data of the non-linear an- 
alog-to-digital converter, calibration of the conversion characteristic data curve at an origin and at the maximum output 
value (e.g., 2 N -1) as part of a normalization and curve-fitting step, and calculation of compensated digital values cor- 
responding to the level of the input signal in terms of reference data and the conversion characteristic data. Conse- 

50 quently, because this approach necessarily demands reliance upon offset and gain adjustment stages, the use of 
specialized digital-to-analog converters, and measurement of the conversion characteristic data of the converters, it 
is unsuitable for use with mass production quality analog-to-digital converters. Moreover, this approach neither recog- 
nizes, nor addresses the problem of improving the linearity of conversion by linear analog-to-digital converters at values 
intermediate to the two extremes of the range of conversion. 

55 

Summary of the Invention 

[0010] Accordingly, it is the object of the invention to provide an improved circuit and method for performing analog 
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to digital conversion having an enhanced degree of linearity in conversion of analog signals to digital signals and is 
suitable for inexpensively correcting deviations in the linearity of mass produced analog-to-digital converters independ- 
ently of offset, gain and phase adjustments. 

[001 1] These and other objects are achieved with a converter and a method as set forth in claims 1 and 3, respectively. 

s A preferred embodiment of the converter is subject matter of claim 2. According to the invention, a known analog test 
signal such as a ten step IRE staircase, is incrementally applied to an input port of the analog-to-digital converter while 
a programming stage applies digital values for the known analog signal amplitudes to the memory at each of the steps 
to assure coincidence between the provisional digital signal generated by the analog-to-digital converter and the cor- 
responding addresses of the linear digital values stored within the memory. Once corresponding addresses for the 

10 linear digital values are stored within the memory, the programming stage is removed and the serially coupled analog- 
to-digital converter and memory will reliably provide a greater degree of linearity between the analog signals applied 
to the converter and the digital values emanating from the memory. 

Brief Description of the Drawings 

15 

[001 2] A more complete appreciation of the inventions, and many of the attendant advantages thereof, will be readily 
enjoyed as the same becomes better understood by reference to the following detailed description when considered 
in conjunction with the accompanying drawings in which like numbers indicate the same or similar components, wherein: 
[0013] Figure 1 is a schematic block diagram of a conventional application of an analog-to-digital converter. 
20 [0014] Figure 2 is a schematic block diagram of an analog-to-digital converter circuit constructed according to the 
principles of the currently disclosed invention. 

[0015] Figure 3 is a graphical representation of a ten step IRE staircase signal. 

[0016] Figure 4 is a two coordinate graphical illustration of deviations in the degree of linearity occurring in a repre- 
sentative commercially available analog-to-digital converter. 
25 [0017] Figure 5 is a two coordinate graphical illustration of one implementation of a process for performing analog- 
to-digital conversion according to the principles of the currently disclosed invention. 

[0018] Figure 6 is a two coordinate graphical illustration of actual and theoretical responses obtained with one em- 
bodiments constructed according to the principles of the currently disclosed invention. 

[001 9] Figures 7A, 7B and 7C are two coordinate graphical illustrations providing expanded presentation of the detail 
30 of adjoining sections of the values illustrated in the graphical representation of Figure 6. 

Detailed Description of the Invention 

[0020] Referring now to Figure 1 , a schematic illustration of a representative conventional digital signal processing 
35 system is shown. Such systems usually have an analog-to-digital converter as an input link from the analog domain. 
In the system of Figure 1, an analog signal is applied to an input port of an input circuit 10 which includes a gain 
adjustment stage, a direct current offset adjustment stage, and a clamp. The analog clock V c transmitted by input circuit 
10 is applied to an input port of an analog-to-digital converter 12 controlled by a sampling clock V c , to provide digital 
data V d on an "N" bit data bus 14 to a digital data processing system DSP 20. Referring now to Figure 4, a comparison 
40 of the uncorrected digital data V d generated by converter 1 2 against the straight-line labelled "true linear - A/D converter 
output, shows that the digital data V d deviate almost continuously over the range of conversion of converter 12, from 
a desired true linear relation between the A/D input analog signal Vj applied to the input port of converter 12 and the 
digital data V d generated by converter 12.- 

[0021] A very simple circuit for linearizing analog-to-digital output according to the principles of the current invention, 
45 is illustrated in Figure 2. As was shown in Figure 1 , the analog signal V { transmitted by input circuit 1 0 is applied to an 
input port of an analog-to-digital converter 12 controlled by a sampling clock signal V c , to provide digital data V d on an 
m N" bit data bus 14. 

[0022] An analog-to-digital linearizing memory 16, such as, for example, a programmable read-only-memory (i.e., a 
"PROM") storing a look-up table of digital values, is coupled to bus 1 4 to receive the digital data V d , and to respond to 
so the digital data V d by providing true linear digital values from the look-up table to digital data processing system DSP 
20 via an "N" bit data bus 18. 

[0023] A microprocessor 22 may be temporarily coupled between the output port of converter 1 2 and the input port 
of memory 16 via bus 14, to serve as a switch between bus 14 and a programming memory 24 containing a table of 
true linear digital values V ( . 

55 [0024] A known test signal such as a ten step IRE staircase signal, as shown in Figure 3, may be used as the analog 
input signal applied to input circuit 10. In such an instance, the true linear digital values V, stored in programming 
memory 24 provide an accurate and reliable relation to a characteristic such as the amplitude of each step of the known 
test signal over the entire range of the known test signal. An IRE zone shown along the abscissa of the graph in Figure 
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3, is defined as an output range between the levels captured from the test signal. A, and B of Fig.5 are analog-to-digital 
output values delimiting the Kth zone for input level or interval between V k and V k+V A T , an Bj are corresponding 
correct (true linear) values for that zone. Then, a corrected value Y T for the digital value Y of the non-linear A/D may 
be computed as: 

Y T = A T + [{B T - A T )] * [(y-A)+(B-A)] (1 ) 

= [A T - [(B T - Aj)-j-(B-A)] * A] + [(B T - A T )+(B-A)] * y (2) 

= C k + D k *y (3) 

where C k and D k are the parameters computed for the K m zone from its measured values of A and B for a given A/D 
device with corresponding theoretical analog-to-digital output values of A T and Bj. 

[0025] The analog-to-digital output that results from a known test signal such as a ten step IRE staircase signal, is 
gated to microprocessor 22, for example, for a nine bit analog^o-digital converter 1 2, after basic gain and direct current 
offset are adjusted within input circuit 10 for a 0 to +1 V pp signal input. The analog-to-digital output digital value will 
therefore range by 2 N , with N = 9, from -256 to +255 in offset two's complement. Microprocessor 22 obtains true digital 
values V, from the look-up table stored within programming memory 24, for the known IRE levels. Correct digital values 
for each of these levels of amplitude of the IRE staircase test signal are known for the designated analog-to-digital 
device, and are stored within a look-up table within programming memory 24. In response to application of each of the 
levels of the IRE staircase test signal to input circuit 10, microprocessor 22 reads the corresponding true digital value 
V ( from programming memory 24 and stores that true digital value within the look-up table of linearizing memory 16, 
the corresponding true digital value, with the address of each of the true digital values stored within linearizing memory 
1 6 being the corresponding uncorrected digital data V d generated by converter 1 2. A microprocessor 22 is programmed 
to determine values between steps of an input signal analytically, as shown in Figure 5 for the step of V k to V k + After 
all of the true digital values over the range of converter 1 2 are stored within the look-up table of linearizing memory 1 6 
at address corresponding to the values of digital data V d generated by converter 12 in response to input of each of the 
levels of the known test signal, microprocessor 22 and programming memory 24 are removed and a linear analog-to- 
digital converter including input circuit 10, converter 12 and linearizing memory 16 are able to accurately generate 
digital values V 0 exhibiting a true linear relation with a characteristic, such as amplitude, of an input analog signal V (l 
over the entire range of converter 12. Thus, the input-to-output non-linearity intrinsic to a mass production quality 
analog-to-digital converter 12 can be reliably and inexpensively eliminated, or greatly reduced, simply by generating 
appropriate mapping via a read only memory (i.e., a "ROM") 16. 

[0026] The plots illustrated in Figures 6, 7A, 7B and 7C were made for a TRW nine bit analog-to-digital converter 
evaluation board, Model No. TDC 1020 E1C. Figure 6 provides a two coordinate graphical illustration of actual and 
theoretical responses obtained with one embodiments constructed according to the foregoing principles currently dis- 
closed, while figures 7A, 7B and 7C shown enlarged two coordinate graphical illustrations providing expanded pres- 
entation of the detail of adjoining sections of the values illustrated in the graphical representation of Figure 6. The plots 
of Figures 6, 7A, 7B and 7C show analog-to-digital output V 0 (as dashed lines) and corrected values (as solid lines) 
using above described concept. The expanded views clearly depict that the non linearity can be practically eliminated 
over the entire digitizing range. 

Claims 

1. An analog-to-digital converter, comprising : 

converter means (12) for converting amplitudes of a plurality of successive samples of an analog signal into 
first digital values representative of the amplitudes of said successive samples , said converting means being 
of a substantially linear type, in which the first digital values deviate from a desired true linear relation and 
storage means (1 6) for storing a plurality of second digital values at a plurality of distinct addresses, each one 
of said distinct addresses corresponding to a specific one of said plurality of first digital values, said plurality 
of second digital values extending over a range and exhibiting a true linear relation over said range to said 
amplitudes of said analog signal, and for responding to reception of said first digital values by outputting said 
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second digital values stored at corresponding ones of said plurality of distinct address, 

characterized in that it further comprises: 

s means for applying during at least one selected time to said converter means (1 2) as said analog signal a test 

signal successively exhibiting values of said amplitude corresponding to said specific ones of said plurality of 
second digital values ; 

means (24) for providing for each successively exhibited value of said amplitude in said test signal a corre- 
10 sponding one of said plurality of second digital values ; and 

means (22) operable during each said selected time for writing said plurality of second digital values into said 
storage means (16) at addresses corresponding to said first digital values. 

is 2. The converter of claim 1 wherein at times other than said selected times said converter means (12) responds to 
the amplitude of said analog signal by converting successive samples of said amplitude into digital words, each 
having one of said first digital values. 

3. A method for linearizing an analog-to-digital converter responding to an analog input signal applied thereto to 
20 generate a digital output signal substantially linearly related to said analog input signal, said method using a random 

access memory, characterized by the steps of: 

initially, in a procedure to write said random access memory simultaneously 

25 supplying a prescribed test signal comprising successive samples of differing levels directly to said analog- 

to-digital converter as said analog input signal thereto, 

supplying to said random access memory as write input data a digital number linearly related to the level of 
each sample currently supplied to said analog-to-digital converter as said analog input signal thereto, and 

30 

conditioning said random access memory to store write input data supplied thereto at locations addressed by 
the digital output signals of said analog-to-digital converter generated responsive to the successive samples 
of differing levels in said prescribed test signal, while 

35 addressing said random access memory with the digital output signal of said analog-to-digital converter; and 

thereafter, in a procedure to read from said random access memory a linearized digital response to an analog 
input signal other than said prescribed test signal, 

40 supplying said other analog input signal to said analog-to-digital converter, and 

conditioning said random access memory to read the contents stored in addressed said locations thereof, while 

continuing to address said random access memory with the digital output signal of said analog-to-digital con- 
45 verter. 



Patentanspruche 

50 1. Analog-Digital-Wandler, enthaltend: 

eine Wandiereinrichtung (12) zum Umwandeln der Amplituden mehrerer a ufeinanderfolgender Tastwerte ei- 
nes Analogsignals in erste Digitalwerte, die fur die Amplituden der aufeinanderfolgenden Abschnitte repra- 
sentativ sind, wobei die Wandiereinrichtung ein im wesentlichen linearer Typ ist, in dem die ersten Digitalwerte 
55 V on einer gewunschten, echte linearen Beziehung abweichen, und 

eine Speichereinrichtung (16) zum Speichern mehrerer zweiter Digitalwerte in mehreren bestimmten Adres- 
sen, wobei jede der bestimmten Adressen einem bestimmten aus der vlelzahl der ersten Digitalwerte ent- 
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spricht und sich die Vielzahl der z we it en Digitalwerte Ober einen Bereich erstreckt und eine tatsachlich lineare 
Beziehung Ober diesen Bereich zu den Ampiituden des Analogsignals darstellt, und zum Antworten auf den 
Empfang der ersten Digitalwerte durch Ausgeben der zweiten Digitalwerte, die an entsprechenden Adressen 
aus der Vielzahl der bestimmten Adressen gespeichert sind, dadurch gekennzeichnet, da3 er weiterhin enthalt: 

Einrichtungen, um wahrend wenigstens einer ausgewahlten Zeit der Wandlereinrichtung ( 1 2) als Analogsignal 
ein Testsignal zuzuf uhren, das nacheinander Werte der Amplitude darstellt, die den spezifischen Werten aus 
der Vielzahl der zweiten Digitalwerte entsprechen; 

Einrichtungen (24), um fur jeden nacheinander dargestellten Wert der Amplitude im Testsignal einen entspre- 
chenden Wert aus der Vielzahl der zweiten Digitalwerte zu erzeugen; und 

Einrichtungen (22), die wahrend jeder ausgewahlten Zeit betriebsbereit sind, um die Vielzahl zweiter Digital- 
werte in die Speichereinrichtungen (16) in Adressen zu schreiben, die den ersten Digitalwerten entsprechen. 

2. Wandler nach Anspruch 1 , bei dem zu Zeiten, die sich von den gewahlten Zeiten unterscheiden, die Wandlerein- 
richtung (12) auf die Amplitude des Analogsignals durch Umwandeln aufeinanderfolgender Tastwerte der Ampli- 
tude in digitale Worte antwortet, von denen jedes einen der ersten Digitalwerte aufweist. 

3. Verfahren zum Linearisieren eines Analog-Digital-Wandlers, der auf ein ihm zugefuhrtes Analog-Eingangssignal 
antwortet, um ein Digital-Ausgangssignal zu erzeugen, das im wesentlichen linear auf das Analog-Eingangssignal 
bezogen ist, wobei bei diesem Verfahren ein RAM verwendet wird, gekennzeichnet, durch folgende Schritte: 

zu Beginn in einem Vorgang zum gleichzeitigen Einschreiben in den RAM 

Zufuhren eines vorgeschriebenen Testsignals, das aufeinanderfolgende Tastwerte unterschiedlicher Pegel 
enthalt, direkt zum Analog-Digital- Wandler als Analog-Eingangssignal, 

Zufuhren zum RAM als Schreibeingangsdaten einer Digitalzahl, die linear auf den Pegel jedes Tastwertes 
bezogen ist, der momentan dem Analog-Digital-Wandler zugefuhrt wird, als das Analog-Eingangssignal zum 
RAM, und 

Einrichten des RAM, um Schreib-Eingangsdaten zu speichern, die diesem zugefuhrt werden, an Bereichen, 
die durch die Digital-Ausgangssignale des Analog-Digital-Wandlers adresstert sind und in Abhangigkeit der 
aufeinanderfolgenden Tastwerte unterschiedlicher Pegel im vorgeschriebenen Testsignal erzeugt werden, 
wahrend 

der RAM mit dem Digital-Ausgangssignal des Analog-Digital-Wandlers adressiert wird; und 

anschlieGend in einem Vorgang zum Lesen aus dem RAM einer linearisierten Digitalantwort auf ein Analog- 
Eingangssignal, das sich vom vorgeschriebenen Testsignal unterscheidet, 

Zufuhren des anderen Analog-Eingangssignals zum Analog-Digital-Wandler, und 

Einrichten des RAM zum Lesen der Inhalte, die an seinen adressierten Stellen gespeichert sind, wahrend 

mit der Adressierung des RAM mit dem Digital-Ausgangssignal des Analog-Digital-Wandlers f ortgef ahren wird. 



Revendicatlons 

1. Convertisseur analogique-numdrique, comprenant : 

des moyens de conversion (12) pour convertir des amplitudes d'une plurality d'echantillons successifs d'un 
signal analogique en premieres valeurs numeViques representatives des amplitudes desdits echantillons suc- 
cessifs, lesdits moyens de conversion etant d'un type sensiblement linSaire, dans lequel les premieres valeurs 
num6riques s'6cartent d'une relation Iin6aire vraie souhait6e; et 

des moyens de stockage (16) pour stocker une pluralite de deuxiemes valeurs numeriques a une plurality 
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d'adresses distinctes, chacune desdites adresses distinctes correspondant a une valeur specifique de tadite 
plurality de premieres valeurs numeriques, ladite pluralite de deuxiemes valeurs numeriques s'etendant sur 
une gamme et representant une relation lineaire vraie sur ladite gamme par rapport auxdites amplitudes dudit 
signal analogique, et pour repondre a la reception desdites premieres valeurs numeriques en sortant lesdites 
deuxiemes valeurs numeriques stockees a des adresses correspondantes de ladite plurality d'adresses dis- 
tinctes, 

caracterise en ce qu'il comprend en outre : 

des moyens pour appliquer pendant au moins un instant selectionne, auxdits moyens de conversion (12), en 

tant que dit signal analogique, un signal de test presentant successivement des valeurs de ladite amplitude 

correspondant auxdites valeurs specifiques de ladite pluralite de deuxiemes valeurs numeriques; 

des moyens (24) pour fournir, pour chaque valeur presentee successivement de ladite amplitude dans ledit 

signal de test, une valeur correspondante de ladite pluralite de deuxiemes valeurs numeriques; et 

des moyens (22), operationnels pendant chaque instant selectionne^ pour ecrire ladite plurality de deuxiemes 

valeurs numeriques dans lesdits moyens de stockage (16) a des adresses correspondant auxdites premieres 

vateurs numeriques. 

Convert isseur selon la revendication 1 , dans lequel a des instants autres que lesdits instants selectionnes lesdits 
moyens de conversion (12) r6pondent a I'amplitude dudit signal analogique en convertissant des echantillons 
successifs de ladite amplitude en mots numeriques, chacun ayant une desdites premieres valeurs numeriques. 

Procede pour iineariser un convertisseur analogique-numerique repondant a un signal d'entree analogique appli- 
que a celui-ci, pour generer un signal de sortie numerique sensiblement en rapport lineaire avec ledit signal d'entree 
analogique, ledit precede utilisant une memoire a acces aleatoire, caract6ris6 par les stapes de : 

initialement, dans une procedure pour ecrire ladite memoire a acces aleatoire, et simultan6ment 

fourniture d'un signal de test present, comprenant des echantillons successifs de niveaux difterents, di- 
rectement audit convertisseur analogique-numerique en tant que dit signal d'entree analogique de celui-ci, 

- fourniture a ladite memoire a acces aleatoire, en tant que donn6e d'entree d'ecriture, d'un nombre numd- 
rique en rapport lineaire avec le niveau de chaque echantillon actuellement fourni audit convertisseur 
analogique-numerique en tant que dit signal d'entree analogique de celui-ci, et 

conditionnement de ladite memoire a acces aleatoire pour stocker des donnees d'entree d'ecriture fournies 
a celle-ci a des emplacements adresses par les signaux de sortie numeriques dudit convertisseur analo- 
gique-numerique generis en reponse aux echantillons successifs de niveaux differents dans ledit signal 
de test prescrit, pendant 

- I'adressage de ladite memoire a acces aleatoire avec le signal de sortie numerique dudit convertisseur 
analogique-numerique; et 

par la suite, dans une procedure pour lire depuis ladite memoire a acces aleatoire une reponse numerique 
linearisee a un signal d'entree analogique autre que ledit signal de test prescrit : 

« fourniture dudit autre signal d'entree analogique audit convertisseur analogique-numdrique, et 

- conditionnement de ladite memoire a acces aleatoire pour lire le contenu stocke dans lesdits emplace- 
ments adresses de celle-ci, pendant 

- la continuation de I'adressage de ladite m6moire a acces al6atoire avec le signal de sortie numerique 
dudit convertisseur analogique-numerique. 
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